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INTRODUCTION. 


The use of fish meal in this country at the present time for feeding 
purposes is so limited that it may be said that in commercial quan- 
tities it has scarcely begun to be marketed... The Connecticut Agri- 
cultural Experiment Station? in its report on feeding stuffs for the 
year 1914 gives the results of examination of one commercial brand 
sold by an eastern firm. Fish meal is used by another eastern firm as 
the protein basis of a poultry food. It has been prepared for some 
time on the Pacific coast, and there are several brands already on the 
‘market from that region. One of these products is made of a mixture 
of fish meal and meat meal. As commercial by-products fish and the 
waste residue from fish have always in this country been converted 
into so-called “scrap” or “pomace” for use as a fertilizer ingre- 
dient. An entire industry, the fish-scrap fertilizer industry along the 
Atlantic coast, has grown up, in which a single species of fish. the © 
menhaden, is used as a source of raw material. In the early days 

1 Conn. Agr. Exp. Sta. Rpt. 1914, pt. 4, p. 221. 
Notr.—The object of this publication is to set forth the value of fish meal as a food 


for domestic animals, in order to stimulate its more genera] use as a supplementary 
stock food and to encourage its manufacture for that purpose. 
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of this industry the oil was the principal material sought; the 4 


“scrap” was considered waste and was not generally used as a 
fertilizer. 

It is indeed surprising that in the matter of furthering economy 
_ the use as a stock food of fish meal prepared from undecomposed 
raw material has not been fostered in this country. This is partic- 
ularly striking in view of the fact that attention was called to the 
possibilities of fish meal as a feeding stuff a number of years ago, 
both in this country and abroad. In 1877 Dr. W. O. Atwater? re- 
viewed the manufacture and use of fish manures and at that time 
urged the use of the fish scrap from the menhaden as a source of 
protein for stock foods. Such use of this material would have made 
possible the utilization of its high feeding value and at the same 
time would not have impaired, but to a great extent would have 
enhanced, its fertilizing value. The fertilizing constituents would 
_ be more available after digestion, and manure from animals so fed 
would contain the plant food material derived from the fish in a more 
readily assimilable form. 

The experimental work on the use of fish meal as food for stock 
dates back to the time when similar work was conducted in connec- 
tion with the use of meat meal and tankage for this purpose. In 
fact, in this country even before the attention of feeders was called 
to these latter foodstuffs as supplementary stock foods, reports of 
experiments directed attention to the use of fish as food for domestic 
animals. Dr. Atwater? in his report records the year 1835 as the 
earliest in which there appears any account of the use of fish as food 
for domestic animals. 

As early as 1864? fish “ pomace” or “ chum” (the residue left from 
herring or other small fish after removal of the greater part of 
the oil by pressing) was spoken of in high terms as furnishing a 
valuable feed for sheep, swine, and fowls, all of which ate it greedily. 
No doubt use was made of fish in this form, in isolated instances, 
by farmers living near the coasts who had access to this material in 
its fresh condition. The writer has been informed of its use in 
Maine in the early days of the sardine industry, when the residue 
from the packing of sardines after removal of part of the oil by 
pressing was fed to sheep with excellent results as to fattening and 
wool production. 


Shortly after the time the panier experimental work and feeding | 


tests were made to ascertain the value of waste residues of animal 
» 

1 See his special report on ‘“‘ Menhaden and other Fish and Their Products as Related 
to Agriculture’ to Goode, ‘‘ History of the American Menhaden,” U.S. Fish Comm. Rept., 
1877, pp. 194-267. 

2 Goode, Atwater, loc. cit., p. 258. 

3 William D. Dana, in a report of the Maine Board of Agriculture. See Agriculture of 
Maine, 1864, p. 43. 
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origin and of fish meal for feeding purposes, it appears that prefer- 
ence was given to such material as meat meal and tankage, and that | 
in after years fish meal was forgotten. It was also generally assumed 
that feeding domestic animals fish would result in imparting a char- 
acteristic taint to the food products from the animals. This impres- 
sion was undoubtedly obtained as a result of allowing animals to 
eat too freely of fish wastes, particularly that which was in an ad- 
vanced stage of spoilage. The present time—feeding stuffs of high 
protein content being so much in demand—would seem to be a fit- 
ting and proper one in which to call upon this reserve supply of 
protein so abundantly supplied by waste fish and by the nets of 
fish-canning industries. 


REVIEW OF LITERATURE. 


The literature on the use of fish meal for feeding purposes was 
found to be more extensive than casual inspection had shown. The 
greater part of the experimental work on this subject has been con- 
ducted in Germany, as a result of which the use of this material for 
feeding purposes in that country is now on a firm basis. The more 
important articles are cited here in chronological order and fairly 
full abstracts are given of some, in order that the accumulation of 
evidence may allay any prejudice that may exist against the use of 
fish meal as a foodstuff for domestic animals. 


In 1869 M. L. Wilder,? of Pembroke, Me., a member of the board of agri- 
culture of that State, presented his experience in the use of fish “offal” as a 
feed for sheep. He believed “fish offal to be not only cheaper but much 
superior to any other kind of provender he had ever used” for this purpose. 
The ‘“ offal” referred to was made from herring, which were salted -the same 
as for smoking, cooked, and the oil pressed out. It is stated that the sheep 
ate of this more eagerly than of grain. Experiments similar to the above were 
made by other persons in later years.” 

In 1875 Farrington*® conducted feeding a eetinents with sheep at the 
Maine Agricultural College, comparing the value of equal quantities of corn 
and of fish ‘‘ pomace’”’ made from herring. Two flocks of 5 lambs each were 
fed about 2 ounces per head per day, the lambs in each group being allowed 
all the hay they would eat. During the 16 weeks of the experiment the corn- 
fed flock gained 48 pounds, or 15.18 per cent, and the lot fed on fish 474 
pounds, or 15.01 per cent. 

Henry, in Feeds and Feeding, reports statements from several authors to 
the effect that it has been determined that no bad influence on the milk is 
found when dried fish are fed in reasonable quantities to dairy cows, and that 
it has been found that 100 parts of linseed cake can be replaced in the ration 
for cows by 80 parts of herring cake. In one test milk and butter of normal 
quality were produced when 2.3 pounds of fat-free fish meal per day were 
fed with a variety of other feed. The statement is made by this authority that 
the better grades of fish meal should be used for feeding. 


1 Agriculture of Maine, 1869, p. 60. 
2 Agriculture of Maine, 1874-75, p. 1. 
*$Cited by Atwater in Goode, U. S. Fish Comm. Rpt., 1877, p. 260. 
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In 1908 Lindsey* reported that in Europe a great variety of meat and fish 
meals had been offered for sale as stock foods as early as 1872. A review of 
a number of experiments with horses, cattle, sheep, and swine established the 
fact that these materials, when properly prepared, are excellent foods for stock 
and poultry, and that they are highly digestible. 


Notwithstanding the favorable reports recorded on the use of fish 
meal it was ignored at this time, preference being given to dried 
blood and tankage. This was in part due, no doubt, to the fact 
that the industries producing these were more highly organized and 
their selling arrangements proportionately greater. 


Turrentine’* calls attention to the use of fish scraps as a feeding stuff for 
poultry and stock and gives extended quotations from the report by Goode, 
cited above. From his review of the early feeding of fish in this country he 
concludes that “the universally affirmative results of all the recorded experi- 
ments with fish scrap as a cattle feed leave little room for doubt as to its 
efficiency.” He remarks further: “It is indeed surprising that its use as a 
feed has not been more generally introduced. * * * It would be fitting, 
indeed, that even a small part of the millions of pounds of combined nitrogen 
carried seaward annually by the rivers should be returned and after a short 
cycle again should be rendered suitable for man’s consumption.” 

According to Kellner * milch cows may be fed as high as 2 pounds per day 
with no objectionable taste or flavor resulting in the milk or butter. Feeding 
to sheep or horses is best accomplished by mixing it with other feeds. It is 
recommended that one-half pound per day be given. 

F. Lehmann * ranks fish meal next to meat meal in its content of nourishing 
material. Laboratory experiments showed that 98.6 per cent of the protein 
was digested with pepsin and pancreatic extract. It is also pointed out that 
fish meal, on account of the length of time required to render the nitrogen and 
phosphates available for plant assimilation, is not a very good fertilizer; but 
that it is a very good feeding stuff and when so used its fertilizing value is 
enhanced, since the fertilizing ingredients reappear in the manure in forms 
more easily used by plants. 

Kiihn-Cornieten* conducted a practical test with six cows, comparing the 
yield and quality of milk and butter when the cows were fed a ration containing 
no fish meal with the results obtained when fish meal was substituted for dried 
malt husks and sunflower meal in the basal ration. From 14 to 24 pounds (Ger- 
man) fish meal were fed per head per day in the different trials. The milk 
produced during the experiment was analyzed. The yield of milk was fairly well 
maintained during the time fish meal was given, while the percentage of fat in 
the milk was increased. The butter did not have a fishy odor or taste and was 
declared to be about the same in quality as that produced on oil cakes. Since 
the quantity of milk was about the same, the percentage of fat higher, and the 
feed cheaper, it was concluded that fish meal was a valuable feeding stuff. 

Fink‘ fattened steers with a ration including fish meal at the rate of 3 
pounds per head per day. A gain of 303 pounds in 90 days was made. Nothing 
is stated in regard:'to the flavor of the meat. 


1 Mass. Sta. Rpt., 1908, pt. 2, p. 149. 

2“ The fish-scrap fertilizer industry of the Aientte coast’’; Bul. No. 2, U. S. Depart- 
ment of Agriculture. 

3 Die Ernibrung d-landw. Nutzthiere, pp. 369-371. 

¢Landw. Wochenbl. f. Schleswig. Holstein, 1892, No. 23; pp. 200-201, 

§ Molkerei Zeitung, 1894, 8 (44), p. 675. 

6 Deut. Landw. Presse, 1896, 23 (17) 1, p. 145. 
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Hals and Kavli’ report analyses of fish meal made from slightly salted herring - 
and from the waste of heavily salted herring. The composition of the former 
was: Water, 11.11 per cent; protein, 61.11 per cent; fat, 14.06 per cent; and ash, 
11.79 per cent. Of the latter, the composition was: Water, 10.81 per cent; 
protein, 42.29 per cent; fat, 13.17 per cent; and ash, 23.06 per cent. Digestion 
experiments showed that 12.7 pounds of digestible fat and 56.3 pounds of 
digestible protein were obtained from 100 pounds of the meal made from 
whole herring, while the meal made from the waste of salted herring gave 
11.9 and 42.6 pounds, respectively. 

In 1903 V. Schenke,? as a part of an extensive investigation of commercial 
feeding stuffs conducted by the German experiment stations, made an exhaus- 
tive examination of the subject of fish meal or fish guano, looking toward its 
use as a stock food. In this report it is stated that up to the middle of the 
last century fish meal or fish guano was used only for fertilizer purposes, 
~ and that it was not until about 1860 that any work of a scientific nature 
was done with the idea of using such meal as a foodstuff for animals. Atten- 
tion is called to the fact that the protein consists mainly of meat fibrin, 
albumen, and gelatinous substances, the latter in larger proportion than in the 
flesh of fresh fish because the fish meal is prepared without removing the fish 
bones. It is also stated that the fat which remains after the pressing is easily 
digestible. The ash consists largely of sodium, potassium, and calcium phos- 
phates, and sodium, potassium, and magnesium chlorids. Experiments con- 
ducted and literature cited in regard to the digestibility of fish meal showed 
that the coefficients of digestibility of the chief constituents are high. 

According to V. Schenke the first feeding tests with fish meal were made in 
1873 and 1874 by Weiske*® and were reported in 1875 and 1876 by Kellner, 
Schrodt, and Wimmer ;* the test animals were sheep. The investigators con- 
cluded that the protein of fish meal was digested by herbivorous animals as 
well as, or better than, the protein from vegetable sources: From 77 to 83 
per cent of the protein was found to have been digested. Kellner in a later 
experiment,’ found that sheep digested as much as 90 per cent of the protein, 
76.4 per cent of the fat, and 15 per cent of the ash. 

Reports of the work of a number of other investigators, extending from this 
year (1877) to 1902, are cited by V. Schenke, in which studies of the feeding 
of fish meal to dairy cows, oxen, hogs, sheep, and poultry are recorded. The 
results were universally favorable in all particulars as to economy in pro- 
ducing gains in weight, and as to lack of taint or odor of fish in the marketable 
products from these animals. 

In conclusion this-author states that fish meal is a valuable supplementary 
_ food for animals, when it is fed with other foods low in protein; that its most 
important feature is the high digestibility of the protein. and fat and that, 
further, it imparted no objectionable flavor to milk and butter when used 
supplementally in rations for dairy cows. 

In a feeding experiment on young pigs, comparing the growth obtained by 
feeding. both milk and fish meal with the growth obtained by feeding milk only, 
Klein ° found that smaller quantities of milk with the addition of fish meal gave 
as good a gain per head as was obtained by feeding larger quantities of milk 
alone. : 


i Norsk. Landmandsblad, 1903, 22 (3) 38=+41. 

2ZLandw. Vers. Stat., 1903, 58, 55-64. For full report of this investigation see Die 
Futtermittel des Handels, P. Paray, Berlin. 

$ Wochenbl. d. landw. Ver. i- Grossherzogtum Baden, 1874, p. 318. 

£ Journ. f. Landw., 1876, p. 265. 

5Landw. Vers. Stat., 1877, 20, p. 423. 

® Deut. Landw. Presse, 1907, 34 (67), 542. 
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The comparative value of meat meal and fish meal as supplementary foods 
| for swine was studied by A. Kleeman,* who conducted his experiments on 3 
groups of 8 hogs each, using two grades of fish meal. (one containing 2.10 per 
eent of fat and 48.90 per cent of protein; the other 4.80 per cent of fat and 
51.50 per cent of protein) and a higher-grade meat meal, containing 80 per 
cent of protein. The ration, in addition to the high protein-bearing foods 
used, was composed of corn, steamed potatoes, potato chips, and potato flakes. 
Starch was used in addition to balance the ration composed of the fish meal low 
in fat. The deficiency of meat meal in phosphate of lime was made up by 
adding precipitated lime phosphate to this ration. 

The pigs fed on meat meal were off their feed during the latter part of the 
experiment, while the lots fed the fish meal appeared to have sharpened 
appetites and ate the ration well throughout. e 

There was no difference in the Reichert-Meiss] numbers of the fat of the hogs 
fed on meat meal and those fed on fish meal, but the iodin number of the fat 
was found to be slightly higher in the case of the hogs fed on fish meal. The 
quality of the meat and fat as regards taste, odor, and flavor was not affected by 
feeding fish meal. The author states that meat meal and fish meal are good 
fattening feeds for Swine, and concludes, from his experiment, that, as food for 
hogs, meat meal and fish meal gave practically similar increases in weight, but 
that meat meal on account of the ee percentage of prteis was from 60 to 
80 per cent cheaper than fish meal. 

This conclusion is based on the fact that in this czpernaent the fish meal 
cost a little more than meat meal. 

Honcamp, Gschwender, and Engberding~ report the results of experiments 
on sheep which were fed herring meal and whale-flesh meal, as supplementary 
feeds to clover hay. The herring meal used by them contained 58.30 per cent 
‘of crude protein, 56.28 per cent of “pure” protein, 3.98 per cent of nitrogen 
free extract, 18.57 per cent fat, and 23.65 per cent of ash. Digestion experi- 
ments conducted on sheep with this meal showed a utilization of 93.7 per cent 
of the organic substances, 87.7 per cent of the crude protein, 49.2 per cent of 
_the nitrogen free extract, and 97.4 per cent of the fat. 

It was noted in these tests that the animals digested the organic material of 
the ration as well as the crude fiber of the basal ration (clover hay) to better 
advantage during the period in which fish meal was fed than in the period 
in which no fish meal was given, a fact which has been observed before under 
conditions where high protein rations have been used. 

In a report® (on Fish Guano and Its Use as Food) by Consul General Robert 
P. Skinner, Hamburg, Germany, it is stated that this material is used with 
great success in Germany as a supplementary stock food. Large quantities of 
it are exported to the United States, but it is all utilized for. fertilizer pur- 
poses. In Norway codling and herring are the chief varieties of fish from 
which this material is made, while in England and Scotland the waste from 
all varieties of fish is used. 

Herring meal, when made from fresh fish, has a protein content of from 60 
to 70 per cent and a fat content of from 10 to 12 per cent, but when made from 
salt herring, the protein content is only about 50 per cent and the fat content 
7 or 8 per cent. 

The English fish meal is pressed while being kept hot with steam and hag 
a fat, content of only 3.6 per cent. Hogs are said to eat this fish meal eagerly, 


2 


1Landw. Vers. Stat., 1910, 78 (1 & 3) 187-219. 

2Landw. Vers. Stat., 1911, 78, 161-184. 

8 Daily Trade and Consular Report, 1911-14, No. 103, p. 512. See also American Fer- 
tilizer, May 6, 1911, p. 32 H. 
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but it must be fed with care since an excessive quantity in the ration may 
affect the quality of the pork. Moderate quantities contribute to the animal’s 
general health. The use of fish meal for feeding to swine is increasing in Ger- 
many from year to year. 

In 1914 Klein* conducted feeding experiments on pigs older than those used 
in previous experiments but which were still growing, comparing skim milk 
with fat-free fish meal and dry fermentation residues. By substituting equiv- 
alent quantities of fish meal and of the dry residues for skim milk in the 
rations, the assimilation of these two food stuffs was observed as compared 
with skim milk. The results obtained show that fish meal and fermentation 
residues are well adapted as substitutes for skim milk. There was no marked 
difference in the character or flavor of the meat after slaughter. 

BH. Haselhoff,’ in an article which includes the results of examination of 23 
brands of fish meal found on the German market, points out that since this 
material has come to be quite extensively used in Germany as a feeding stuff 
its quality in many instances has greatly deteriorated. Fish meal prepared 
from strongly salted and from decomposed fish is condemned. One very repre- 
hensible practice of adulteration has been the admixture of “ cadaver” meal 
with the fish meal, to which serious outbreaks of disease (particularly anthrax) 
among stock have been traced. Such outbreaks result from the insufficient 
sterilization of the product prepared from animals dying of disease. 

The composition of the different brands examined varied greatly. It was 
the opinion of the author that a fish meal: deserving to be classed as a high- 
grade product should have a fat content of from 2 to 4 per cent, depending on 
the quantity to be used in the ration, and that the meal should not contain over 
8 per cent of common salt. He recommends the following amounts of a high- 
grade meal in feeding rations: 

Cattle, 2 pounds per 1,000 pounds, live weight. 
Hogs, one-fourth to one-half pound per head, according to weight. 
. Sheep, one-fourth to one-half pound per 200 pounds, live weight. 

The statement is made that the quality of the meat and lard is not injured 
by feeding hogs a little over one-half pound of fish meal per head per day. 

In a special article * the Board of Agriculture and Fisheries of England called 
attention to the manufacture of fish meal and its value and use as a stock food. 
After the closing of the German market for this product, which consumed 
practically the entire amount (over 18,000 tons), the English farmer was urged 
to adopt its use. 

In support of the use of fish meal for feeding purposes experiments are cited 
where a meal containing 3.5 per cent of fat and 55 per cent of protein material 
was fed to pigs for four months at the rate of 1 pound per head per day without 
any harmful effect on the fiavor of the meat. In another feeding experiment 
‘cited, cows were fed very large amounts of a herring meal containing 20 per 
cent of oil without the flavor of the milk being affected. In a more recent feed- 
ing experiment quoted in this article the feeding of English fish meal to pigs in 
the proportion of from 15 to 30 per cent of the other foods given led to a marked 
increase in the weight of the pigs so fed compared with those fed on a ration 
containing no fish meal. The substitution of fish meal for a definite proportion 
of the various foods in the ration gave increased profits, amounting in one series 
to 42 per cent and in another to 94 per cent per pig, notwithstanding that the 
actual cost of feeding was higher. 


1 Milchwirtsch. Zentr., 1914, 43, 452, 458. 
2¥Fiihling’s Landw. Zeit., Feb., 1914, 63 (4) 137. 
$Jour. Board of Agric., Nov., 1914, 21, 688. 
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The following quantities to be given daily, evidently taken in nore from the — 


German article quoted above, are suggested: Fae 
Cattle, 2 pounds per 1,000 pounds, live weight. 
Pigs, + to 4 pound, according to weight. 
Sheep, 1/10 to 1/5 pound per 100 pounds, live weight. 
Poultry (adult fowls) not more than 10 per cent, and chickens not 
more than 5 per cent of the entire ration. 

In an extensive article* on the “ Utilization of fish and marine animals as 
sources of oil and manure,” attention is drawn to the use of fish meal as a 
eattle food. It is stated that this product has been used with success as a 
supplementary food for stock. According to this notice there are various 
grades of meal now on the English market, ae are made from the waste of 
herring, cod, and other fish. 

It is stated * that the horned dogfish, Squalus acanthias, is sprnebtines dried 
and used for feeding purposes in Scotland, Ireland, Norway, and elsewhere. 
It is stated also that cod meal may be made by simply drying and grinding 
the fish, but that in the case of herring it is necessary to remove most of the 
oil by the usual process of cooking, pressing, and drying. It is further stated 
that a good fish meal for feeding purposes should contain not less than 8.2 per 
cent of nitrogen and not over 5 per cent of oil. 

In a study comparing the relative feeding value of fish and meat meals for 
fattening pigs, G. Martinoli* concluded that in fattening pigs from the earliest 
age fish meal proved of value in developing the skeleton and in stimulating 
the appetite and processes of assimilation. The animals fed on fish meal 
grew more rapidly than those fed on meat meal, and they were of superior 
quality. Neither the fish nor the meat meal imparted any particular smell or 
taste to the flesh of the animals. 

In a bulletin from the Agricultural Experiment Station, Purdue University, 
A. G. Philips* gives the results of four experiments, each extending for 
one year, in which the value of meat scrap, fish scrap, and skim milk in 
rations for laying pullets was compared. 

The summary of the results of this work shows that the pullets in the pens 
fed on a ration containing meat scrap averaged 135 eggs per pullet on a food 
consumption of 70.29 pounds per bird, at a cost of 98.4 cents per bird. For the 
fish-scrap pens the average number of eggs was 128 per pullet on a consump- 


tion of 74.13 pounds of food, at a cost of 99.5 cents per bird. The pullets in the . 


pens fed on a ration including skim milk, produced an average of 185.4 eggs 
on 157.61 pounds of food consumed, costing $1.10 per bird. 

It was determined that the amount of dry matter in the food required to 
produce one pound of eggs was 3.7 pounds in the meat-scrap pens, 4.02 pounds 
in the fish-scrap pens, 3.7 pounds in the skim-milk pens, and in the control 
pens, receiving none of the above materials, 13.53 pounds. 

The average cost of producing one dozen eggs was 8.5 cents for the pullets 
fed on meat scrap, 9.7 cents for those fed on fish scrap, and 9.7 cents for those 
fed on skim milk. -The profit per bird, over the cost of feed, was $1.55 for the 
pullets fed meat scrap, $1.56 for those fed fish scrap, and $1.62 for those fed 
skim milk. 


1 Bulletin Imp. Ins., 1914, 12, 429, 442. 

2 Bulletin Imp. Ins., July—Sept., 1914, 12, No. 3. 

3 Rey. Centro. Estud. Agron. y Vet., 1914, 7, No. 72, pp. 258-270; abstracts in: Internat. 
Inst. Agr. (Rome); Mo. Bul. Agr. Intel. and Plant Diseases, 1915, 6, No. 3, pp. 445-446, 
and Exp. Sta. Record 388, No. 6, p. 571. 

* Agricultural Experiment Station, Purdue University, Bulletin 182, 18, Noy., 1915. 


“Poultry Investigations: I, The value of meat scrap, fish scrap and skim milk in 


rations for laying pullets.”’ 
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COMPOSITION AND QUALITIES OF FISH MEAL. 


In the earlier experiments in this country, which have been re- 
viewed, the material referred to is the undried cakes as they came 
from the presses. Since the advent of drying this residue has been 
converted into the fish scrap of the fish fertilizer industry. With 
proper attention, however, to sanitary considerations in the processes, 
it may be made into fish meal for feeding purposes. 

The preparation of the material in this form makes it at once a 
commercial proposition, so far as shipping and ready use in com- 
pounding stock food rations are concerned. The meal containing 
less than 10 per cent of moisture will keep a very long time without 
decomposition or apparent chemical change. Portions of the ex- 
perimental lots of fish meals made from sardine waste have been 
stored for over a year now, with apparently no change taking place. 
The product is usually shipped in 80 or 100 pound bags and will 
probably receive the same classification as fish fertilizer scrap, which 
at present is classified as 6th class in carload lots, or as 4th in less 
than carload lots (official classification); western classification: L. 
C. L., 3d; C. L., C.; southern classification: L. C. L., not taken; 
C. L., at fertilizer rates. 

During the season of 1913-14 the Bureau of Chemistry made an 
extensive study of the sardine industry on the coast of Maine. It 
was during these investigations that attention was drawn to the 
large amount of waste in the packing of the fish as sardines, par- 
ticularly at times when the fish were of large size. The possibility 
of utilizing this material as a stock food was considered and an 
investigation of the preparation and yield of material for this pur- 
pose was instituted during the season of 1914. 

The question of the utilization of the fish waste on the Pacific 
coast has been extensively investigated by J. W. Turrentine? of the 
Bureau of Soils of this department as a part of the investigation of 
the fertilizer resources of the United States.. The report of this 
work, which covers all phases of the subject, contains the analyses 
of five samples of dried “scrap” which were prepared at as many 
different factories from the waste in the canning of salmon. As _ 
the analysis indicates, they were well dried products, the water con- 
tent ranging from 3.91 per cent to 5.86 per cent. The protein con- 
tent ranged from 47.69 per cent to 59.31 per cent. It can be seen, 
therefore, that a product from this source has considerable value 
as a high-protein material, and it is said to be of very high quality. 

Attention is also directed in this report to the use of the higher- 
grade “scrap” or meal as a stock and poultry food. 


1U. S. Department of Agriculture Bulletin No. 150. 
42864°—16—2 
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The waste in the sardine industry affords excellent material for | 
the preparation of a high-grade fish meal. As it comes from the 
packing table it has been steam cooked and partially dried in the 
process of preparing the fish for packing, and can be taken after 
collection from the packing tables directly to a plant equipped for 
pressing and drying. During the season of 1914 a quantity of 
fish meal was made in the course of experiments looking toward 
the utilization of this waste material as a stock food. A part of 
this waste is now utilized by converting it into “ pomace” or “scrap ” 
for use as a fertilizer. A number of experiments were made, using 
raw material varying in fat content and employing different meth- 
ods of treatment preparatory to pressing and drying. The plant 
used for the experimental work was equipped with an iron cooker 
heated directly by steam, a rack and cloth screw press capable of 
yielding a pressure of 120 tons, and an ordinary type of rotary fer- _ 
tilizer drier. With this equipment a yield of from 27 to 33 per cent 
of meal was obtained from‘the fish residue; and from raw material 
containing from 12 to 17 per cent of oil, over one-half of the oil 
was removed by pressing. The oil obtained was bright, clear, and 
of very high quality. The fish meal from these excessively fat fish 
contained 17.51 per cent of oil. After pressing and drying raw 
material which contained from 8 to 9.5 per cent oil, a dried meal 
was obtained containing from 9 to 12 per cent of fat. The average 
composition of meal obtained in six different experiments was as 
follows: : 


Per cent. 
NSA EY ak Rae Ra A oe me anh aE AOE Ra Beer eR OEE Ee SUES aut 
| COED le SRS ENS Ss Eas ae a eee. Sea ee AT ee ee 15.19 
ERG erINICEL OSC ne ee ee SS ee ee ee 9. 39 
ProtenvCN x6. 20 ))22 2a oe ENON ee ee ee eee 58. 7 
US Hye at ees ee ee ee ee ee eee 15. 18 


This meal was stored in a barn at Eastport, Me., for a period of two 
or three months and was then shipped to Washington for use in 
feeding experiments after again being stored for about two months. 
The entire quantity, about 1 ton of meal comprising four of the 
experimental lots, was thoroughly mixed and was used for feeding 
experiments in cooperation with the Animal Husbandry and Dairy 
Divisions of the Bureau of Animal Industry of this department, using 
growing pigs, poultry, and dairy cows. The analysis of this meal 
and the composition of the fish are given on page 11.1. It will be 
noted that there was a loss of 3 per cent of water during the time of 
storage and shipping. 

1The analysis of the meal was made by H. W. Houghton; of the ash by J. B. Wilson, 
both of the Animal Physiological Chemiedl Laboratory of the Bureau of Chemistry. 


The nitrogen determinations were all made by the Nitrogen Laboratory of the same 
bureau. 


FISH MEAL AS A STOCK AND POULTRY FOOD. 11 


Analysis of Meal. 


Per cent, 
BUN BAL Wet la ara ea ale NRE eR a 4.74 
/e XEN Saga Tee AUPE An PL aU ei NN) 20 sy ble I OL tN Vee ine lat 16. 68 
SR Ohta PENTET @ Mere eee Paar ead eg, i ay yan Re lg a se ie a 9. 68 
1 ELRO VE Ss 01rd Gite De TEP pay ety cree eSNG As ere, a ona ARP Fe a URN, Ue) Ue IAC gg atx cone 60. 50 
Da Fase NS NS cD Sb OR WD PRP eens fu 5 pn A te 14. 56 
OTETEUS (S35) Hh OK Soe NEN Bg CE AE Sh RE) ESE CAS) Na apm a a 0. 61 
OU 0 ( (ste eg ONL a sy ES Te ana rn DR EEE eect Bo Ola a as AVS chan se Rl 5. 78 

Analysis of Ash. 

SBP So Tigh eso ares eee es es STS Sa a oe Ve ee aaa ee i age i A 0. 50 
ironkandralmmi num: (le:O3, All Os) elke wet ye asia ee ak 0. 97 
IBHOSHHOETe AEG MCh Os) Ns se ys Nar Ses rye es ee A ela |) ee 35. 32 
Slaton (QO A©) eevee, Rebel MERGE eS sd oh SY ee ee Ue Oe A 2 OSG 
Beseml een (CL ed CO) 10) Rae aS Ue UE YY De ae SN CR la ae il, Pa a ed 25. 83 
Miavomre simran (Iv @)) aos Sole eis Sar eS ile eral 3.13 


FEEDING EXPERIMENTS. 


DAIRY COWS. 


The results obtained by the Dairy Division of the Bureau of Animal 
Industry by feeding the fish meal describec above to dairy cows, 
were sufficiently satisfactory to warrant a more extended study of its 
value as a dairy feed. This work is to be undertaken during the 
coming winter.. The preliminary experiments showed that the cows 

fed on a ration containing fish meal gave a greater yield of milk than 
cows fed on a similar basal ration containing no fish meal, but con- 
taining cottonseed meal. The milk from the cows which were fed 
fish meal contained a lower percentage of butter fat, but the total 
yield of fat obtained was approximately the same for the two groups. 
There was some variation in the readiness with which the animals ate 
the ration containing the fish meal. As a rule cows which have not 
been highly fed on feeds for which they have a fondness, will eat a 
fish-meal ration readily and are eager for it. In these tests the feed- 
ing of fish meal had no detrimental effect on either the milk or 
butter. 

POULTRY. 


The feeding experiments with poultry and with growing and fat- 
tening pigs were conducted by the Animal Husbandry Division of - 
the Bureau of Animal Industry. | 

In the test with poultry a pen of laying hens fed a ration contain- 
ing the fish meal was compared with a pen of the same breed fed 
a ration which was the same, except that in it meat meal was sub- 


iTo Mr. George M. Rommel, Chief of the Animal Husbandry Division, and Mr. B. H. 
Rawl, Chief of the Dairy Division, of the Bureau of Animal Industry, acknowledgment 
is made for their cooperation and interest in the feeding experiments with the fish meal 
prepared from the waste in the packing of sardines. 
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stituted for fish meal. The results of the experiment, which is de- 
signed to run for one year, are reported by Mr. Alfred R. Lee for a 
period of 32 weeks, as follows: 


The mash fed consisted of one part each of bran, middlings, and fish meal 
and two parts of corn meal. In the check ration the fish meal was replaced by 
beef scrap. In addition, in each case a grain ration of equal parts of corn, 
wheat, and oats was fed. The beef scrap cost $53 per ton and was guaranteed 
to contain from 50 to 55 per cent of protein. The price for fish meal used in 
the calculation of the comparative costs was $46 per ton, a price recently quoted 
for a commercial article. 

The yield of eggs from the pen fed on the ration containing fish meal averaged 
113.1 per hen, at a cost of 7.1 cents per dozen and with a food consumption of 
44.1 pounds per hen. The average number of eggs per hen in the pen fed on: 
the beef-scrap ration was 128.4, at a cost of 7.8 cents per dozen and with 55.7 
pounds of food eaten. Estimating the value of the eggs at 30 cents per dozen, 
the profit from the pen fed on beef scrap would exceed that of the pen on fish 
meal by $2.48, or about 14 cents per hen, on account of the greater production 
in the former pen. At a price slightly under that quoted, fish meal would have 
been as profitable as beef scrap. 

At the present time the hens have eaten the beef scrap a little more freely 
and have given a slightly greater egg yield. No differences were noted in regard 
to size or flavor of the eggs or the health and weight of the fowls. 


Similar results in regard to freedom from taint of fish in eggs were 
obtained by a manufacturer of poultry feeds who tested one of the 
experimental lots of meal prepared from the sardine waste. This 
particular lot of meal contained 17.51 per cent of fat and had no 
deleterious effect on the quality of the eggs. 


PIGS. 


A portion of the meal as used for feeding to cows and in com- 
pounding the ration fed to the poultry, was compared with tankage 
as a supplementary feeding stuff for growing and fattening pigs. 
This experiment was conducted by Mr. F. G. Ashbrook of the 
Animal Husbandry Division, Bureau of Animal Industry, who 
makes the following report of the work: 


The experiment was conducted to determine the comparative values of fish 
meal and tankage as supplements in a ration for growing and fattening pigs. 

The pigs used in this work were grade Berkshires, averaging 52.3 pounds 
per head when the experiment started. They were as uniform in size, age, 
and breeding as it was possible to obtain. 

For purposes of calculation the feeds used were estimated to cost as follows: 

Corn, 70 cents per bushel, plus $2 per ton for grinding, making $27 
per ton. 

White middlings, $30 per ton. 

Digester tankage (60 per cent protein), $50 per ton. 

Fish meal, $35 per ton. 

It should not be assumed that this price is to establish arbitrarily a price 
for fish meal. As dried fish products have so largely been sold as fertilizers, 
it was thought that the price would to some extent be governed by the condition 
of the fertilizer market. 


a a en, _— as SO LS Be oT NG py ey TEP eI YY aR ras 


FISH MEAL AS A STOCK AND POULTRY FOOD. 13 


The guaranteed analysis of the tankage was: 


Per cent. 
| TEC Presi cA IAN Pa Ub SECON ye oS. SL SD aR te DS SV CAA EN Pag ated ca Aa eR 60 
PES fb Ns ITN 0 ae ee SR Ns DN a RBS 8 Tp 8 gu pa eg ca 8 
UESOYOPS| OU SVOy ETC oes GIG a ee i ea a le Ss aaa pg NA NN ct el MN A Ae ade TA 8 
OUELOKS (tsa) OT] Oye th TI EA EE GE a A Si ele Fre aba A Neste 3 


The feeding period was divided into two parts. First, a growing period of 
112 days from weaning up to a fattening age, starting January 19, 1915, and 
ending May 11, 1915. Second, a fattening period of about one month, starting 
May 11, 1915, and ending June 8, 1915. The pigs at this date averaged a little 
better than 250 pounds and had to be sold. 

Procedure.—The 12 pigs for the first period were divided into two lots. Lot 
No. 1, check lot, was composed of 8 pigs; lot No. 2 was composed of 4 pigs. 
During the first period, the pigs were fed as indicated below. 


RESULTS DURING THE GROWING PERIOD. 


The pigs, which were all in good, thrifty, growing condition, were about 3 
months of age at the beginning of the experiment, and in order to accustom 
them to their surroundings they were fed in dry lot from the time they were 
weaned until the experiment was begun. The pigs in both lots were so fed 
that all the feed, which was in the form of a thin slop, was cleaned up at 
each feeding, thereby insuring a sharp appetite at the next feeding time. 
There was no trouble whatever in getting the pigs to eat the ration containing 
fish meal. 


Growing period: Jan. 19, 1915, to May 11, 1915 (112 days). 


Lot 1. Ration: 4 parts corn meal, 4 parts middlings, 1 part tankage: 


Dursivonvolsexperiments.. 2.2 See TUS ee eae days.. 112 
JETRO eA NANG cay ST rage al oe lM ci iat number. . 8 
AMVerAGe als HW CLOUG) coe wc. oe sien /c yale ye Merete es nia clack eee pounds.. Bik G7! 
Ser Age cima Wiel GMb craic a crave = teh 3 ee Se aersite, wad clove side le es do: s2a9 1912 50 
PVT A CERO AMEN DER LO Geisnuinis (6 <c'c Shawelale oo see cise Byeine eS ee were doz seer 140.13 
Pray aoa ER DICE ee ke coe cee were. eke we Bice Ce ieee tees dona: 1. 25 
PRO UUM ke estates Mamet miei ec tclomiic tia ans Gro) atu Gis Guan a cae do.... 4,060.5 
Average grain eaten per pig daily..............-. SU fates imple, Gos ses 4,53 
Grama per. lOO MOUNGs aINirs. ego. wale e dows shee neeee Seislee ae oe doin = 362 
PostroulOOmmommed seam ee  . L a clrle cian. seus Seems dollars... 5. 58 
Lot 2. Ration: 4 parts corn meal, 4 parts middlings, 1 part fish meal: 

Duration omexpenment: Ur Pe eae ia a days.. 112 
Rep ors ean eae. lo ok oe Luis wicre id bic clls a lejale oda siete sm lal Siu number.. 4 
PNG Crm URW CLOT Ve oh ipa cvaieie aie oh s)biavele Sestiaie aici eieie le ee EE pounds. . 54. 25 
Perice ni alewel git Pie ci06 cccucicd ese isie abies we mela nels oh ee: dors icra 2012.50 
PSVCRAR ETO IMED CE DLE. \ cc's oie iad ac ale sycjneicinisicieicin’= oo ae te Seem ee QOe Lai WA 7. 25 
Waly caEMe el PIC te se iicc cic coe ace ieee eelbnh be te bein Samet ee dork Se. Uy 
OLEAN MCC yy Pct OSA sic < lee sea Ue acca 2 a dope PZ O25 
Averacewraim eaten per pig daily. 2.4.52 222ee% hoes See lee wes: Wer 4. 80 
Gram per O0:pounds aimee lic oct. cs ese ee oe ie Slee doses: 365 
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During the growing period the lot fed corn meal, middlings, and fish meal 
made a greater daily gain and a cheaper gain than the lot receiving the tankage 
supplement. The lot receiving the fish-meal supplement consumed 122.3 pounds 
more feed, gained a total of 28.5 pounds more, and cost 36 <ents less per 100 
pounds of gain, than did the lot to which tankage was fed. At the close of the 
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growing pericd the average weight of the pigs fed fish meal was 201.5 pounds, 
while that for the pigs getting the tankage supplement was 191.5 pounds, a 
difference of 10 pounds. From observation there could be nected no difference 
between the two lots with respect to growth in the way of general development, 
which would indicate that one ration was not particularly superior to the other 
in meeting requirements for growth in pigs. 

These same 12 pigs were used for the second period and were divided into 
lots and fed as follows: 

Lot No. 3, composed of the same four pigs as lot No. 2 (in the growing 
period), was continued on the same ration, which consisted of: 4 parts of 
corn meal, 4 parts of middlings, 1 part of fish meal. 

Lot No. 4, coniposed of four pigs from lot No. 1, was fed a ration of: 9 parts 
of corn nas 1 part of fish meal. 

Lot No. 5, composed of four pigs from lot No. 1, was fed a ration OF: 9 parts 
of corn Oe 1 part of tankage. 


RESULTS DURING THE FINISHING PERIOD. 


At the close of the 16 weeks’ growing period the hogs were divided into 
different lots in order to have them as uniform as possible for the finishing 
period. Lot 2 in the growing period was lot 3 in the fattening period. This 
lot was fed the same ration as in the growing period—4 parts corn meal, 4 parts 
middlings, 1 part fish meal. There are many farmers who feed the same ration 
both for the growing and fattening periods, and it was the intention to carry 
out such a scheme with this lot of hogs in order to determine the advisability 
of such a practice. 

Fattening period: May 11, 1915, to June 8, 1915 (28 days). 

Lot 3.—Ration: 4 parts corn meal, 4 parts middlings, | part fish meal: 


Duration7epexperiment..0L-is 05.240 1e wal oe See days. . 28 
IBEOGI a WING Ss o's as Salads ae uie ae Anas Sea <a Vase ates number. . 4 
Sreracesurstawei cbt. so. cee ic see ce Seb oerene ‘ad peat oe pounds. . 201.5 
Mwveracetinal Weight. ova’. . 22s ose seh ooe Sus on sca 2 do:k de 255. 25 
INVECTARG: POM OCR PIG oe atte sn ain des as ee ee doz: a 53. 75 
Death yara LIers PU os oor eis aie sic ee nein ap yet ee eee ee do.... 1.91 
OF OL al ePAAME COs gexsree oe yan Bho ov aoa ad as alae Spare ee doz. 903 
Average prain eaten: perpig daily. 2... 2-2. iin) SoG. ees ee dozsrt 8. 06 
Gramyper #00 pounds'gaine 2 O00 ae 52. 35 ee ee d0_ ie 421 
Costof W00spoundsiqainl.2 Ys. cced Adee See A eee dollars. . 6. 04 
Lot 4.—Ration: 9 parts corn meal, 1 part fish meal: 
Durston otexperments:. ¢ 526 Joc von cir cies Sea days.. 28 
aos Fa NOEL, Slog oilc c dayain's 6 abla cclneins allan cers seas eee number. . 4 
IANVCLAC OMB US WOLD oe obs ee sosietes sean ame nc meee ee pounds. . 191.5 
Averace dinaliweightcc.c<.-saccce sss ee coones ae cae <5 ee do*. 3 251.75 
Average gain per pig........- Sr cdesetefe deieiel etka atc at wa aoe ee dons 3 60. 25 
Dathwica Per. Pigs scans s eecce ees meen see okie ame ern eee GOa=e% 2.16 
AE OLA ATANN ACG. 1 5 3 dn Aa wine ao ea We Sera Re oe ee doitae 956 
Average ptain eaten per.pig daily. .2. 0... 2 cjso2 t-te eee dou. us 8. 54 
Gran persi00 pounds gain. J20 22. oh ee sc eG see ey Se dle 393 
Cost of TOO pounds, gain . 3.5 ake coe oe chee cee ee dollars. - 9) d. 35 
Lot 5.—Ratton: 9 parts corn meal, 1 part tankage: 
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Lot 5.—Ration: 9 parts corn meal, 1 part tankage—Continued. 


iD awl vee wha 0 2) ay oy Kea NS ah AU a a ge a Rg dollars. . 2. 00 
CReten orawn TEC Awe teeermns MME a ON Ses EL ok oe doer 910 
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The lot fed corn meal, middlings, and fish meal during the finishing period 
did not consume as much feed as the lot fed corn and fish meal or the lot fed 
corn meal and tankage. The cost of producing 100 pounds grain in the lot fed 
corn meal, middlings, and fish meal was 72 cents less than in the case of the lot 

‘fed corn meal and tankage; both lots, however, were about equal with respect 
to the average gain per pig during this period. The lot fed 9 parts of corn 
meal and 1 part of fish meal made a better showing than either of the other 
lots in the rate of gain, pounds of feed fed per 100 pounds gain, and the cost 
of 100 pounds gain. 


CONCLUSIONS. 


From this experiment the conclusion is justified that fish meal is a very 
effective supplement to a grain ration for pigs. Hogsrelish it and are extremely 
tond of it, principally because, like tankage, it is a flesh product. 

In this experiment fish meal was superior:to tankage in all comparisons, 
although the average daily gains and rate of gains in all three lots used in 
the experiment were exceptionally good. : 

Where fish meal can be obtained conveniently at a reasonable price and in 
suitable quantity it has a very considerable value in hog feeding. 

The results of these feeding tests, which were highly satisfactory 
in all respects, indicate the value of fish meal as a supplementary 
feed. 

The pigs which were fed fish meal received it during the growing 
period at the rate of 0.5 pound per head per day, and during the fat- 
tening period they received this meal at the rate of 0.85 pound per 
head per day. They made greater gains and at a less cost than those fed 
a ration containing tankage as a supplement. The animals relished 
the fish meal and maintained a thrifty growth, and were never off 
their feed during the entire time of the test period. 

The pen of hens was fed on fish meal in the proportion of 20 per 
cent of the weight of the mash. During the period of the experiment, 
which was not completed at the time this was reported, there was a 
slight advantage in the actual yield of eggs in favor of the meat 
meal. No taint or flavor of fish was at any time detected in the eggs 
from the hens fed on fish meal. 

Dairy cows fed on a ration containing fish meal, compared with 
cows fed on a similar ration in which fish meal was replaced by 

cottonseed meal, gave a greater yield of milk, but it contained a 
lower percentage of butter fat. However, the total amount of fat 
obtained was approximately the same in both cases. There was no 
detrimental effect on either the milk or the butter from feeding the 
fish meal. 
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GENERAL METHODS FOR THE MANUFACTURE OF FISH MEAL. 


Fish meal may be made by the same general methods that are now 
employed in the preparation of fish scrap for fertilizer purposes; 
that is, by steam cooking of the raw material, pressing, and drying. 
The chief difference, which should be constantly borne in mind, is 
that the meal is to be used as a stock food and should therefore be 
prepared from raw material in a eee fresh state and under 
clean, sanitary surroundings. 

A steam-jacketed retort. cooker, or one in which the material is 
heated directly by steam, may be employed. There is also an auto- 
matic continuous cooker which serves very well for cooking the raw 
material. 

Pressing of the material may be accomplished by means of the 
hydraulic press, the rack and cloth type of press, or by the automatic 
continuous screw press. The material should be pressed while hot, 
thus insuring the removal of the maximum quantity of oil. 

There are several types of dryers suitable for drying the material, 
among which are the rotary dryers using direct heat or steam heat, 
and the stationary steam-jacketed dryers provided with a rotating 
shaft and blades for stirring the material. In the latter type prefer- 
ence should be given to the dryer providing for evaporation under 
vacuum. In the former type, the final dried product is in a granular 
form, which is very desirable when it is to be used as a poultry food. 
For use in other stock-food mixtures it would be preferable to have 
it finely ground. The revolving blades in the latter type grind the 
material during the drying process to a fairly fine meal, and for all 
ordinary purposes it should not require further grinding. In some 
cases where large fish are used, further grinding may be neces- 
sary to remove the eye balls and large bones. No attempt is made 
to recommend any particular type or kind of cooker, press, or 
dryer. These should be selected according to individual require- 


ments, depending on the character and the quantity of the waste to. 
be converted into meal. The prospective manufacturer of fish meal. 


should thoroughly study all the different forms of apparatus men- 
tioned above and select the type best suited to his particular needs. 


The more modern and later methods of manufacture should also be: 


investigated. 


A prominent feature in connection with the preparation of fish 
and fishery wastes into material for feeding purposes is the produc-. 


tion of a very superior grade of fish oil. The oil rendered from raw 


material which of necessity must be in a perfectly fresh state of 
preservation for making into meal for stock food, cannot be com- 


pared with fish oil obtained from material in any stage of decompo- 


sition. The former oil would require but little refining, for in the: 
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erude condition it has a bright, clear appearance, has very little fishy 


odor, and is free from rancidity. Its keeping qualities are excellent. 


Samples of large size obtained from the pressing of sardine waste 
have kept for over a Hoar in as good condition, apparently, as when 
first prepared. 

There is every reason for believing that the fish oil produced in 
the manufacture of fish meal is destined to become a valuable article, 


due to its far superior quality. At its present price the oil obtained — 


at certain times of the season is sufficient to defray the cost of manu- 
facture of the dried meal. | 

In the German market a fish meal containing a low percentage of 
oil (from 2 to 4 per cent) is considered the best grade of meal. On 
the Pacific coast the extraction of the oil by means of gasoline is 
being considered in the manufacture of fish meal in that locality. 
With a lower fat content a higher protein content is obtained, which 
is, of course, desirable. On the other hand, the fat, which is highly 
digestible, has a definite food value, and since it has been shown by 
experiment that high-grade fish meals of high fat content have been 
fed with no apparent taint being imparted to the final product, it is 
believed that the extraction of a fish meal to a fat content lower than 
that which could ordinarily be obtained by thorough and efficient 
pressing would be unnecessary. This is particularly apparent when 
it is considered that fish meal is to be used in relatively small quan- 
tities as a source of protein in balancing the rations of stock and in 
preparing the finished commercial stock feeds. 

Further, it is believed that any trouble that may have been 
attributed to a high fat content in the meal probably was due to rank, 
rancid oil, developed in decomposing raw material. Such oil is not 
present in meal prepared from fresh, undecomposed fish and fish 
wastes. Certainly a fat content of 14.56 per cent in a meal of this 
character, as in that made from the waste in the packing of sardines, 
would appear to be satisfactory, since no flavor or taint of fish was 
imparted to eggs, milk, or butter in the experiments which were 


eonducted with it. 


Care on the part of the producer and purchaser should be exercised 
to make sure that the meal is of good quality, such as can only be > 
obtained by preparation from wholesome, undecomposed raw ma- | 
terial. A fish meal should not be manufactured from the waste and 
residues of salt fish. The excessive quantity of salt in such a meal 
may, when it is used for feeding purposes, result in harmful effects; 
and as a large amount of the protein compounds have been extracted 
by the salt, the resulting meal would be low in food value. With 
care and attention to sanitary features in its production, fish meal 


_ can be made one of the best and cleanest of feeding materials. 


fey 
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Conditions which obtain in plants where fish scrap for fertilizer 
-is made, and the use of decomposed and putrid raw material, must 
not be permitted in the preparation of fish meal for feeding pur- 
poses. It is believed that fish meal, properly prepared, can be 
developed into one of the greatest sources of supply of high-protein 
stock feeds, and great care should be exercised not to ruin the possi- 
bilities at the very beginning of the enterprise by preparing and 
marketing an article unfit for feeding purposes. 

It is suggested that the trade names, fish “scrap,” fish “ pomace,” 
or fish “ guano,” be retained and be specifically applied to the product 
which is to be used as a fertilizer and which has been prepared with 
no great care in regard to factory cleanliness or to the degree of 
spoilage of the raw material, and that the name “ fish meal” be ap- 
plied to the product specifically prepared for feeding purposes. 


OPINIONS OF THE TRADE IN REGARD TO FEEDING FISH MEAL, 


The question of the use of fish meal by the trade was touched upon 
by correspondence with a number of the leading stock-food manu- 
facturers at the time the experimental lots of meal were being pre- 
pared at Eastport, Me., during the sardine season of 1914. Samples 
of the meal and the analyses were submitted and the manufac- 
turers were asked to express their opinion of it, and to state whether 
they had had any experience with the use of fish meal and whether 
they could use it in the preparation of a stock or poultry food. 

Only two of the manufacturers had ever used fish meal and this 
was in compounding poultry mashes. One firm which used it for 
this purpose stated they would be able to handle the entire output 
from the sardine industry. Several of the firms stated that in their 
opinion it would be valuable material for poultry feeds, while others 
were quite willing to try it for the manufacture of hog feed, stating 
that it should be able to replace tankage to good advantage, par- 
ticularly if a more favorable price could be obtained. 

Some doubted whether it could be used for a dairy feed on account 
of the fishy odor which might prevent the animals from eating it 
and because of the possibility of tainting the products. If it could 
be used for this purpose, it was the opinion of some that it would 
be a very valuable substance in preparing dairy feeds and a great 
boon to the dairy industry. 

While only two of the firms had ever had any experience with the 
use of this material for feeding, they were all very much interested 
and made inquiries as to the amount of the material available, 
shipping classifications, and price. From this interest displayed 
and the favorable results obtained by its use, it would seem that a 
market should be assured for a good, well-prepared article. 
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\ RAW MATERIAL AVAILABLE FOR FISH MEAL. 


There is already at hand a large amount of dried-fish product 
called fish “ scrap ” or “ pomace ” now used for fertilizer purposes, the 
marketing channel of which—or part of it, at least—could be turned 
in the direction of the stock-food manufacturing industry instead 
of into the fertilizer industry. This, however, can not be done until 
the product is prepared under conditions which would insure its 
safe use for feeding purposes. As previously pointed out, the value 
of this material as a fertilizer is not reduced by feeding it. 

The menhaden fish “scrap ” industry and the salmon, sardine, and 
tuna canning industries offer at the present time a large source of 
supply of fish meal, approximating 120,000 tons annually. 

In 1912, 50,885 tons of dry fish fertilizer “scrap” and 37,536 tons 
of acidulated+ “scrap” were produced in the menhaden fish-scrap 
industry.2, The amount that could be obtained from the waste in 


the sardine industry will vary somewhat in different seasons. Assum- 


ing that the entire waste material would be converted into fish meal, 
it is Seu that from 2,000 to 4,000 tons per season could be pre- 


* pared. 


Thirty-five thousand to forty thousand tons per year of dry meal 
could be obtained from the utilization of the waste of the Pacific 
coast salmon canneries.? 

Since the amount of waste in the salmon-canning industry that 
could be made into fish meal for feeding purposes is, at the present 
time, so far in excess of that of any other available supply, fish meal 
from this industry should soon become of importance in supplying 
the large western and middle-western area with this material. As 
before mentioned, fish meal for stock-feeding purposes is now pre- 
pared in limited quantities from the salmon-cannery waste. 

No figures are at hand for estimating the amount which could be 
obtained from the tuna-canning industry or from the individual can- 
neries of various fish products scattered throughout the country. 

In addition to the amount that may be obtained from these sources 
a considerable quantity may be obtained from other fish not consid- 
ered sufficiently good for food purposes, particularly the dogfish. _ 
This fish, the destruction of which is so much desired by all classes 

iThis acidulated fish ‘‘scrap’’ is prepared by adding sulphuric acid to the fresh 
stock. It seems hardly necessary to state that a meal prepared from material so treated 
should never bé used for feeding animals. The prospective user should insist on a guar- 
anty that.sulphuric acid was not used in the preparation of meal or should have its 
absence established before using the meal for feeding purposes. 

2Greer, ‘ The Menhaden Industry of the Atlantic Coast,’ Bureau of Fisheries Docu- 
ment No. 811, p. 21. 

8 Turrentine (U. S. Dept. Agr. Bull. 150, ‘‘ Utilization of the fish waste of the Pacific 
Coast for the manufacture of fertilzer’’) estimates the total waste‘as 140,210 tons of 


raw material. By calculating on the basis of a 25 or 30 per cent yield of dry meal, the 
above figures were obtained. 
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of fishermen, could well be handled at small by-product plants at- 
tached to canneries, at the time of the preparation of meal from the 
waste, or in larger factories devoted entirely to the manufacture of 
meal. It would seem that in this new field for the use of fish meal 
for feeding purposes an outlet may have been found for the use of 
this outcast of the fish tribe and that it can at last be turned into 
material having a commercial and economic value. 


The addition of this fish in liberal quantities to waste material 


from canneries, comprising heads, tails, fins, and only a small pro- 
portion of the meat portion of the fish, would greatly increase the 
feeding value of the resulting meal. 

Attention should be called to the difference in composition—par- 
ticularly of the protein material—of fish meal made from whole fish 
or from waste containing a large portion of the edible part of the 
fish, and of a fish meal) prepared from waste composed entirely of the 
heads, tails, and fins. In the latter case gelatin or glue derived from 
the collogen of the cartilage, bones, and fins, will predominate as the 
protein constituent, and a meal thus prepared will not have so high 
a feeding value as one in which the protein derived from the meat or 
flesh of the fish predominates. 

In instances where waste deficient in the protein constituents of 
whole fish is available, the dogfish will serve to good advantage as 
a means of supplying this deficiency and will increase the content 
of essential tissue-building material. 


GENERAL CONCLUSIONS. 


The universally favorable results obtained in the feeding of fish 
meal appear to warrant its extended use as a supplementary feeding 
stuff. 

Laboratory tests have shown that the coefficients of digestibility 
of the principal constituents of fish meal—the protein and fat—are 
high, and the feeding experiments have all shown it to be as valuable 
as many other high-protein concentrates with which it has been 
compared. , 

From the feeding experiments it appears that thet has not been 
just cause for the assumption that the feeding of fish meal of good 
quality imparts a fishy taint to such products as milk, butter, eggs, 
and meat. When the meal is fed in proper quantities, as a supple- 
mentary feed with other feeds, apparently no deleterious effects are 
noticeable in regard to taint or flavor of fish. There is a possibility 
that it may impart its flavor to the products of animals or fowls 
when it is fed to them in too large quantities. Even under these 
circumstances its use would be warranted, as the feeding of the meal 
can be discontinued a sufficient length of time during the final fatten- 
ing period to eliminate any objectionable taint. 
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An enormous field is opened up to the various fishing industries for © 
the preparation of a valuable material either from waste residues or 
from whole fish and for the utilization of this material to better 
advantage than heretofore. Likewise for the farmer, stock raiser, 
and poultry man, a hitherto neglected source of supply of a high- 
protein feeding stuff is available. 

In the light of the recorded experiments on the use of this material 
for feeding purposes and the feeding tests with the herring meal 
prepared from the sardine waste, conducted in this department, it is 
believed that all doubts as to the feasibility of using fish meal as a 
feeding stuff may be dispelled, and it is confidently expected that in 
time it will take its place as one of the leading protein concentrates 
used as a supplementary stock food. 

As a final conclusion in regard to the subject of fish meal as a 
stock food it can be said to those who may be interested in pro- 
ducing this material that there is a great need and a splendid oppor- 
tunity in the market for it. 

To those who may be interested in using the product it can be 
said that fish meal is as valuable as other widely used high-protein 
feeding stuffs, and in some instances has been proved more valuable 
than these; that it does not impart its flavor to animal products if 
fed in reasonable amounts in conjunction with other foods; and, 
finally, that it should be given consideration whenever a high-protein 
foodstuff is required. 
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